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1. Introduction 
Ribosomal RNA sequences have undergone little 
divergence during evolution. Indirect evidence, involv- 
ing heterologous hybridizations [ 1,2] showed that 
strongly conserved regions do exist within rRNA mol- 
ecules, which could be of particular functional impor- 
tance. Determination of the complete nucleotide 
sequence of small ribosomal subunit RNA of yeast 
Saccharomyces cerevisiae [3 ] and amphibian Xenopus 
Levis [4] have revealed extensive regions of high 
homology interspersed with divergent tracts and a 
very strong phylogenetic stability has been observed 
for the 3’-terminal region of a variety of small rRNAs 
[5-71. The sequence of 5.8 S rRNA, that is stably 
associated with eukaryotic large rRNA, has also been 
highly conserved, with complete identity between 
mammals and >70% homology between yeast and 
mammals [8]. Sequence data available so far on euka- 
ryotic large rRNAs are scarce. Yeast 26 S RNA [9,10] 
is the only major species with a known complete 
sequence. 
homofogs available so far, yeast [ 11 ,I 2] and X. laevis 
[ 131. A high divergence isobserved for the transcribed 
spacer immediately upstream 28 S 5’-terminus, 
although a common feature could be recognized in 
mouse and X. Zaevis. On the contrary, the first 100 
nucleotides of 28 S RNA are highly conserved. This 
region has been proposed to participate directly in 
the 5.8 S-large-rRNA complex in yeast [9], due to 
significant base complementarity with the 3’-terminal 
sequence of 5.8 S RNA. We show here that an homol- 
ogous junction complex, even more energetically 
favourable than yeast’s, can be proposed for mouse 
rRNAs. 
2. Methods 
2.1. isolation of DNA 
Our interest in the rRNA maturation process and 
identification of recognition signals for processing 
endonucleases in higher cells led us to determine the 
primary sequence of ribosomal transcribed spacers 
and adjacent regions of mature rRNAs in mouse (in 
preparation). 
Here, we have mapped at sequence resolution the 
5’-terminus of 28 S rRNA within a 144 nucleotide 
segment of cloned mouse rDNA. The sequence of this 
region has been compared with the other eukaryotic 
The 3.7 kilobase &oRI-BarnHI fragment of mouse 
ribosomal DNA encompassing the 5’-terminus of 28 S 
RNA was inserted into the EcoRI + BarnHI cleaved 
plasmid pBR 322, giving rise to a pMEB3 recombinant 
plasmid. Plasmid DNA was isolated from E. coli 
HBlOl by the clear lysate method [ 141, followed by 
CsCl equilibrium ultracentrifugation. Supercoiled 
closed circular plasmid DNA was further purified by 
ultracentrifugation  sucrose gradients. As a prere- 
quisite for the complete sequence determination of
mouse ribosomal transcribed spacers (in preparation), 
we have established a detailed restriction map of the 
cloned EcoRI-BarnHI region through multiple diges- 
tions and partial digestions of 5’-end labelled fragments. 
* To whom correspondence should be addressed 
2.2. Sequencing procedures 
The 1060 basepair SmaI ‘I’, encompassing 28S 
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RNA 5’-terminus, was purified from a total plasmid 
DNA Smal digest by electrophoresis on a 5% acryla- 
mide gel [15]. After redigestion by Hue11 (see fig.lc), 
dephosphorylation by alkaline phosphatase and 5’-“P- 
end labelling, the 300 basepair fragment containing 
28 S 5’-terminus was purified by electrophoresis on an 
8% acrylamide gel and strand separation was achieved 
by electrophoresis on a 6% acrylamide gel (acryla- 
mide/bis = 50/l). Identification of coding strand and 
mapping of 5’-terminus at sequence resolution were 
carried out by Sl nuclease experiments. DNA extrac- 
tion, purification and sequencing procedures were as 
in [ 151, except for additional DE52cellulose chro- 
matography immediately before chemical DNA 
sequencing. 
2.3. Purification of rRNA 
RNA from mouse liver ribosomes was extracted by 
phenol-SDS treatment at room temperature and 28 S 
rRNA was purified by two successive sedimentation 
runs in (17-34%) linear sucrose gradients in 5 mM 
Tris (pH 7.4), 20 mM NaCl, 10 mM EDTA, 0.1% SDS. 
Before the last sedimentation, RNA was further depro- 
teinized by proteinase K followed by phenol-chloro- 
form extraction; it was heat-denatured (65°C 5 min) 
immediately before loading onto sucrose gradient. 
2.4. Sl nuclease mapping 
This was done essentially as in [ 16,171. Double- 
stranded or single-stranded [5’-32P]DNA fragment 
(0.1-0.5 pmol) in 90% formamide was heated for 
3 min at 90°C quickly chilled on ice and incubated 
with 0.4-2 pg purified 28 S mouse rRNA (or an 
equal amount of E. coli tRNA for control) in 80% 
formamide, 2 SSC for 10 min at 65°C followed by 2 h 
at 6O’C. After ethanol precipitation and redissolution 
in 0.2 M NaCl, 50 mM Na-acetate (pH 4.5) 1 mM 
ZnCl*, samples were incubated for 30 min at 37°C 
with 250 units nuclease Sl (Sigma), in the presence 
of 2 pg E. coli tRNA. Digestion was stopped by adding 
5 mM EDTA. After ethanol precipitation with 3 pg 
E. coli tRNA carrier, Sl nuclease-resistant [32P] DNA 
fragments were analyzed onto 8% acrylamide/7 M 
urea sequencing gels [ 151 after redissolution in 80% 
formamide, 10 mM NaOH, 1 mM EDTA and heat- 
denaturation for 1 min at 90°C. 
3. Results and discussion 
3.1. Mapping 28 S RNA S’-terminus 
The strategy (fig.l), exploited the single-strand spe- 
cificity of nuclease Sl to identify the gene junction 
by analyzing potential hybrids between 28 S rRNA 
and S’end, labelled DNA fragments. Each SmaI frag 
ment (fig.lb) of recombinant plasmid pMEB3 was 
assayed for 28 S RNA protection. For DNA frag 
ments located on the ‘right’ side of SmaI ‘l’, fully pro- 
tected DNA bands were detected while no protection 
from Sl nuclease was observed for DNA fragments 
located on the ‘left’ side of SmaI ‘1’. Conversely, a 
partial protection (-900 nucleotide long) was found 
for SmaI ‘1’ fragment. The more precise location of 
28 S S’end within this fragment was determined by 
Sl nuclease experiments done on single-stranded 
shorter DNA segments (fig.le) obtained after HaeII 
digestion and strand-separation [151. 
After hybridization with 28 S rRNA and digestion 
with nuclease Sl, the coding strand of the SmaI- 
HaeII subfragment, labelled at the HaelI site (fig.lc), 
was sized in parallel with the chemical DNAsequencing 
ladder obtained from the same full length subfrag- 
ment. Two adjacent bands of similar intensity were 
observed with mobility corresponding to 111 and 112 
nucleotides, after a single nucleotide correction [ 181. 
l.rn “I 
b 
Fig.1. Restriction map of cloned mouse rDNA fragments 
encompassing 28 S RNA 5’-terminus: (a) location of the 
3.7 kilobase EcoRI-BumHI region within mouse ribosomal 
transcriptionunit; (b) Smul restriction map of EcoRI-BarnHI 
fragment cloned into pMEB3; (c) expanded map of the 
1060 basepair SmuI ‘1’ fragment containing 28 S RNA 5’-ter- 
minus. The position of the 5’end labelled fragment used for 
sequencing the 5’-terminal region of 28 S RNA is shown by 
the arrow. 
194 
Volume 140. number 2 FEBS LETTERS April 1982 
We cannot decide at this moment if the presence of 
2 bands is an inherent feature of the Sl nuclease 
experiment or is indicative of a terminal heterogeneity 
of 28 S rRNA, in line with a greater accessibility to 
ribonucleases of this unbasepaired 5’-terminus (see 
fig.4). These positions have been numbered, respec- 
tively, tl and -1 in the sequence shown in fig.3. 
3.2. Conservation of 28 S rRNA terminal sequence 
The alignment of mouse 28 S rRNA sequence 
(determined as in fig.2) with its yeast and X. laevis 
counterparts shows a striking conservation despite the 
large evolutionary distance (fig.3). A 80% homology 
is observed between yeast and mouse for the 100 first 
nucleotides and a 91% homology in the same region is 
found between amphibian X. laevis and mouse. Even 
when considering such a short region, it appears that 
the few mutations that have occurred are not ran- 
domly distributed but are rather concentrated in clus- 
ters interspersed by perfectly conserved tracts. Most 
of the mutations between X. laevis and mouse are a 
subset of those that have occurred between yeast and 
mouse. 
3.3. Divergence of adjacen t spacer 
The transcribed spacer immediately upstream 28 S 
rRNA could possess common sequence features pos- 
sibly involved in the recognition process for matura- 
tion cleavages. The alignment of fig.4 shows an exten- 
sive divergence of these regions in contrast with the 
high conservation of 28 S rRNA 5’-terminal. However, 
common features can be found between X. laevis and 
mouse the region 4 to -1.5 is an uninterrupted 
G 1 
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Fig.2. 8% sequencing els of the mouse 28 S 5’-terminal 
region. The sequence is read on the coding strand from a 
HaeII-SmaI fragment 5’-32P-labelled at HaeII site (see fig.1). 
The 28 S-transcribed spacer boundary is shown by an arrow. 
-30 -20 -:0 
UbC GCGGC$JGGGC GCGUGUCCCC CCUUUCUGAC CGCGACCUCA GAUCAGACGLI GGCGACCCGC LIGAAUUUAAG 
WCC CGGCI-CC-CG c-cccc- C 
GAAG AGA -GUCUA -GCGAA-AAU GU-C-UAA u- A-GUAG -AGU- -c- 
+53 +hO +xl +so +90 +I00 +110 +120 
CAUAUUAGUC AGCGCAGGAA AAGAAACUAA CCACCAUUCC CUCACUAACG GCGAGUCAAC AGGGAAGAGC C 
-C-A -G- -c- G-- 
-C-A-A -c - -GG -G- -u- G C-C-A- U 
Fig.3. Sequence of the S’end of 28 S rRNA gene and beginning of the transcribed spacer of mouse. The sequence is numbered 
beginning at the 5’-terminus of 28 S RNA. Mouse sequence (top) is compared with yeast, S. cerevisiae [ 1 l] and S. curlbergensis 
[ 121, and X. luevis [ 131 homologous region. For yeast (bottom) and X. laevis (middle), the only written bases are those which are 
substituted in the mouse sequence. 
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Fig.4. Model for the secondary structure of 5.8 S-28 S RNA 
complex. Free energy for the secondary structure involving 
the 3’-terminal region of 5.8 S RNA and the S-end of 28 S 
rRNA was determined as in [ 241. The possible structure of 
the mouse complex is compared with its yeast (S. carlbergen- 
sis) counterpart [ 121. 
pyrimide tract in both species and an identical 7 nucle- 
otide sequence CCGCGGC is present in an almost 
identical position (boxed regions in fig.3) -30 nucle- 
otides upstream 28 S rRNA 5’-terminus. A complete 
sequence analysis of mouse internal-transcribed spacers 
will be described elsewhere (in preparation). 
3.4.5.8 S-28 S rRNAs junction complex 
Eukaryotic 5.8 S rRNA forms a specific complex 
with 28 S rRNA in the ribosome [ 191. This RNA- 
RNA association is disrupted by treatment which 
suppress hydrogen bonding and can be restored in 
appropriate annealing conditions [20]. Direct experi- 
mental evidence have implicated the 3’-terminal 
20-2 1 nucleotides of mouse 5.8 S RNA in the forma- 
tion of an inter-molecular hairpin with 28 S rRNA 
[20]. Structural studies on isolated 5.8 S RNA [21,22] 
have led to propose basepairing interactions between 
this region and the S’end of 5.8 S RNA, in the absence 
of 28 S RNA. One may envision that a structural 
equilibrium between 2 kinds of interaction for the 
3’-terminal region of 5.8 S RNA has a physiological 
significance, particularly during the conformational 
changes that elongating rRNA precursor must undergo 
during transcription and maturation. The complete 
sequence determination of yeast 26 S rRNA [9,10] 
has resulted in a secondary structure model [9] for 
the 5.8 S-large-rRNA junction complex, involving 
both 3’-terminal and 5’-terminal regions of 5.8 S RNA 
in basepairing interactions with the S’end and a more 
distal region (-400 nucleotides from 5’-terminus) of 
26 S RNA, respectively. We have analyzed our 
sequence data in view of a potential conservation of 
the first of these two 5.8 S-28 S rRNA junctions, 
using the sequence for mouse 5.8 S in [23]. An homol- 
ogous junction complex can be built for mouse rRNA 
(fig.4). It is important to observe that of the 13 muta- 
tions that have occurred between yeast and mouse in 
this interacting 5.8 S-28 S region, 12 correspond to 
compensatory base changes that result in an increased 
stability of the helix in mouse. It also seems notewor- 
thy that the presence of 2 putative bulged nucleotides 
has been conserved at the same positions. As suggested 
with 5 S rRNA-L18 ribosomal protein in prokar- 
yotes [25], such conserved bulged structure could 
have a key role in protein-RNA recognition. 
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